Introduction
============

Major burn injuries constitute a systemic disease that may induce post-traumatic stress disorder and pain and further effect functioning and disability ([@b1-etm-0-0-4899]). In addition, major burn injuries cause capillary fluid leakage and tissue swelling, and require large amounts of intravenous infusion ([@b2-etm-0-0-4899]). The most common complications of major burn injuries involve shock, insufficient pulmonary functions, pneumonia and acute renal failure ([@b3-etm-0-0-4899]). However, these complications, especially infection, constitute a significant challenge in post-burn care. Thus, investigation of post-burn genetic variability is imperative to determine treatment for burn injuries and possible complications ([@b4-etm-0-0-4899]). Genetic variability following major burn injury has been previously identified, including potential genes involved in the immune-inflammatory response ([@b5-etm-0-0-4899]). In addition, the expression level of IL-8 in serum was confirmed to be an effective biomarker for detecting sepsis, infections and mortality after major burn ([@b6-etm-0-0-4899]). Holmes *et al* ([@b7-etm-0-0-4899]) determined that cholinergic mediator and expression of HMGB1 and caspase-3 were closely related to post-burn infection and graft failure. In skin burn injury, the differential expression of various genes, including interleukin (IL)-10, transforming growth factor (TGF)-β, MCP-1 and MMP-2 was increased ([@b8-etm-0-0-4899]). Even in human skeletal muscles, genetic variability of the TWEAK family was increased following major burn injury ([@b9-etm-0-0-4899]). Nevertheless, the obtained genes were few and their molecular mechanisms were not clarified. Thus, post-burn-related genes and their systematic relations need to be investigated.

The aim of the present study was to identify differentially expressed genes (DEGs) and their related functions and pathways of major burn injuries, and to lay a theoretical basis for the treatment of such injuries and prevention of possible complications. For this purpose, DEGs in white blood cell samples obtained from patients with major burn injuries compared with normal controls were screened, and functional and pathway enrichment analyses were processed. Finally, various networks including a pathway relationship network, gene signaling network and gene co-expression network were constructed.

Materials and methods
=====================

### Samples

The expression profiling of E-GEOD-37069 deposited by Herndon *et al* and including 590 white blood cell samples, was downloaded from ArrayExpress Archive (<http://www.ebi.ac.uk/arrayexpress/>), which was based on the platform of \[HG-U133_Plus_2\] Affymetrix Human Genome U133 Plus 2.0 Array (Affymetrix, Santa Clara, CA, USA) ([@b6-etm-0-0-4899]). The samples included 553 patients with major burn injuries and 37 controls. The raw data profiling of 590 samples were further analyzed for DEGs screening of major burn injuries.

### Data preprocessing and DEGs screening

For raw data, the robust multichip average (RMA) algorithm was used to calculate the expression value of probe sets in three steps: Background correction, normalization and summary ([@b10-etm-0-0-4899]). The annotation file in csv format, provided by Affymetrix (<http://www.affymetrix.com/support/technical/annotationfilesmain.affx>), was used for the biological information annotation. Subsequently, quality control was performed by normalized unscaled standard errors (NUSE) controlling.

The DEGs in white blood cell samples with major burn injuries compared with normal controls were screened using a limma package. P\<0.05 and \|logFC\| \>2 were regarded as cut-off criteria of DEGs.

### Functional enrichment analysis for DEGs

Based on the Gene Ontology (GO) database, the screened DEGs were annotated and classified into various functional categories, including molecular function (MF), cellular component (CC) and biological process (BP) ([@b11-etm-0-0-4899]). Fisher\'s exact test was used to calculate the P-value of each GO term. The Beniamini-Hochberg (BH) method was performed to adjust the P-values into false discovery rate (FDR). FDR\<0.05 was the cut-off criterion for significant GO terms.

### Pathway enrichment analysis and pathway relationship network construction

The pathway data were obtained from the Kyoto Encyclopedia of Gene and Genomes (KEGG) ([@b12-etm-0-0-4899]). Based on this database, different pathways were gathered by DEGs, and their P-values were calculated by Fisher\'s exact test with a threshold of P\<0.05.

In addition, the significant pathways were compared to the KEGG database, and the pathway relationship network was constructed. The network showed the pathway relationship of signal transduction. In addition, the up- and downstream signal pathways were obtained in this network.

### Intersection of DEGs in GO terms and pathways

Based on the same gene symbols, DEGs in significant GO terms and pathways were interested and common DEGs were obtained as more important DEGs.

### Construction of gene signaling network and gene co-expression network

The KEGG database provides information regarding associations among genes and their productions. In this study, the gene signaling network was constructed based on this database. Furthermore, up- and downregulated proteins were showed in this network.

### Gene co-expression network was a regulatory network for genes interactions

This network was constructed according to the correlation coefficient between common DEGs. Additionally, a correlation coefficient of \>1 was the criterion. In the constructed gene co-expression network, DEGs with higher degrees were regarded as hub nodes.

Results
=======

### DEGs screening

Based on the threshold of DEGs, 3,328 DEGs in patients with major burn injuries compared with controls were identified, including 1,337 upregulated DEGs and 1,991 downregulated DEGs.

### Functional enrichment analysis for DEGs

For functional enrichment analysis, the identified DEGs were mainly enriched into various GO terms, including transcription, DNA-dependent (FDR=1.81E-34), signal transduction (FDR=6.41E-32), blood coagulation (FDR=6.41E-32), regulation of transcription, and DNA-dependent (FDR=4.97E-30). The enrichment scores of these GO terms were 2.50, 3.02, 4.26 and 0.69, respectively.

### Pathway enrichment analysis and pathway relationship network construction

In addition, the screened DEGs were enriched into different pathways, such as hematopoietic cell lineage (FDR=7.40E-17), metabolic pathway (FDR=7.40E-17) and chemokine signaling pathway (FDR=9.37E-17).

Furthermore, the pathway relationship network was constructed with 72 nodes. Of these nodes, MAPK signaling pathway, apoptosis and pathways in cancer were the top three hub nodes with degrees of 41, 32 and 25, respectively ([Fig. 1](#f1-etm-0-0-4899){ref-type="fig"}). Of note, there were 2 upregulated pathways and 4 downregulated pathways. Upregulated pathways contained starch and sucrose metabolism (degree=3) and fructose and mannose metabolism (degree=1), while the downregulated pathways included graft-versus-host disease (degree=7), autoimmune thyroid disease (degree=6), allograft rejection (degree=6) and type I diabetes mellitus (degree=2). Pathways in cancer constituted significant upstream pathways (outdegree=25, indegree=0).

### Intersection of DEGs in GO terms and pathways

Based on the same gene symbol, 702 DEGs were obtained, as identified in both GO terms and pathways. The obtained common DEGs included ribosomal protein L31 (RPL31), ATP synthase, H+ transporting, mitochondrial F1 complex, γ polypeptide 1 (ATP5C1), phosphorylated adaptor for RNA export (PHAX) and solute carrier family 4 member 1 (SLC4A1).

### Construction of gene signaling network and gene co-expression network

As shown in [Fig. 2](#f2-etm-0-0-4899){ref-type="fig"}, the gene signaling network with 391 nodes was constructed. The top three hub nodes in this network were phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit γ (PIK3CG, degree=40), protein kinase CAMP-activated catalytic subunit β (PRKACB, degree=17) and AKT serine/threonine kinase 3 (AKT3, degree=12). From this network, various DEGs and PIK3CG were activated, such as Cbl proto-oncogene (CBL), G protein subunit β2 (GNB2) and CD28 molecule (CD28). Moreover, PRKACB interacted with phosphorylated G protein subunit β (GNB) family genes.

The constructed gene co-expression network is shown in [Fig. 3](#f3-etm-0-0-4899){ref-type="fig"}. The gene co-expression network had 128 nodes. The top 3 nodes were GNB2 (degree=35), leukocyte immunoglobulin like receptor A2 (LILRA2, degree=31) and arrestin β2 (ARRB2, degree=30). In addition, GNB2, LILRA2 and ARRB2 were positively correlated with the gene co-expression network.

Discussion
==========

The changes in the expression levels induced by major burn injuries may cause serious consequences, such as various complications. In this study, several important DEGs were identified in major burn injury patients, including GNB2, LILRA2, ARRB2 and ARHGEF2.

GNB2, encoded heterotrimeric guanine nucleotide-binding proteins (G protein), integrates signals between receptors and effector proteins ([@b13-etm-0-0-4899]). It is known that the protein coded by GNB2 is present in extracellular, lysosome and vacuole. In addition, G protein acted as a molecular switch, is involved in the transmission of signaling pathways, and may be coupled with GTP or GDP ([@b14-etm-0-0-4899]). After burn injuries, immune responses are always controlled by formyl peptide receptors, a promiscuous subfamily of G protein-coupled receptors ([@b15-etm-0-0-4899]). In addition, Gao *et al* ([@b16-etm-0-0-4899]) identified the effects of tetramethylpyrazine on burn-injury models and found that this drug alleviated nociceptive transmission mediated by P2X3 receptor. In this study, GNB2 was enriched into the GTP catabolic process, G protein-coupled receptor signaling pathway and chemokine signaling pathway. In rat module with sepsis, G protein was confirmed as a major component of GTP-binding protein involved in signal transduction pathway ([@b17-etm-0-0-4899]). Thus, GNB2 was differentially expressed in major burn injury patients and may affect the treatment and possible complications occurring from burn injury.

Furthermore, ARRB2 and GNB2 were positively correlated with the gene co-expression network of this study. The protein coded by ARRB2 in a previous study was confirmed to participate in agonist-mediated desensitization of G protein-coupled receptors and to induce the specific dampening of cell responses ([@b18-etm-0-0-4899]). In addition, ARRB2 was more highly expressed in the central nervous system, and also regulated the synaptic receptors ([@b19-etm-0-0-4899]). Additionally, shock, a common complication of major burn injuries, was found to be closely related to the regulation of receptors, sensitivity to neurotransmitters and non-synaptic transmission ([@b20-etm-0-0-4899]). Consistent with the results of the present study, ARRB2 was involved in signal transduction, platelet activation, as well as the chemokine and MAPK signaling pathways. Cytokine and chemokine of inflammatory response was the common response behavior for burn injury. Through a drug trial, Kim *et al* ([@b21-etm-0-0-4899]) found that fimasartan reduced renal oxidative stress by inhibiting MAPKs and induced antioxidant pathways. Therefore, differentially expressed ARRB2 induced by major burn injuries may further cause renal failure by its involvement in the MAPK signaling pathway.

Notably, LILRA2 was positively correlated with the DEGs examined in this study. The gene encoded an activating receptor which suppressed the innate immune response and inhibited antigen presentation ([@b22-etm-0-0-4899]). Moreover, it was suggested to mediate activation of monocyte and inhibit FcγRI-dependent phagocytosis ([@b23-etm-0-0-4899]). In 1998, Witko-Sarsat *et al* found that advanced oxidation protein products were a mediator between monocyte respiratory burst and oxidative stress, and confirmed that monocytes were the key target and an actor in the immune system related to renal failure ([@b24-etm-0-0-4899]). In this study, LILRA2 was also enriched in signal transduction, defense response and osteoclast differentiation. Previous findings showed the various defense response was related to burn complications, such as antioxidative defense of lipoproteins and erythrocyte defense ([@b25-etm-0-0-4899],[@b26-etm-0-0-4899]). The findings suggested that LILRA2 is a potential biomarker for complication of major burn injuries.

Another significant DEG, ARHGEF2 was identified with higher degree of correlation in our gene co-expression network. In addition, it was enriched into apoptotic process, small GTPase-mediated signal transduction and pathogenic *Escherichia coli* infection. ARHGEF2 encoded a Rho GTPases which play a fundamental role in numerous cell processes ([@b27-etm-0-0-4899]). Koh found that the Rho GTPases played a significant role in the function and morphology of the neurons ([@b28-etm-0-0-4899]). In addition, the intestinal permeability in major burn patients were always related to infection ([@b29-etm-0-0-4899]). Mortality in major burn patients was always caused by bacterial infections ([@b30-etm-0-0-4899]). Thus, the detection of ARHGEF2 in time could decrease the complication occurrence and mortality.

In conclusion, the identified DEGs, including GNB2, LILRA2, ARRB2 and ARHGEF2, are potential key genes for major burn injury treatment and the prevention of possible complications. However, further experiments are required to confirm these results.
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